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AND QUATERNARY BLENDS CONTAINING TRIPTANE OR OTHER )
HIGH-ANTIKNOCK AVIATION-FUEL BLENDING AGENTS

By Hexry C. BARNETT

SUMMARY

Charts are presented that permit the estimation of F-3 and
F-4 knock-limited performance ratings for certain ternary
and quaternary fuel blends. Ratings for various ternary and
quarternary blends estimated from these charts compare favor-
ably with experimental F-8 and F-4 ratings. Because of the
unusual behavior of some of the aromatic blends in the F-3
engine, the charts for aromatic-paraffinic blends are probably
less accurate than the charts for purely paraffinic blends.

INTRODUCTION

An investigation of the knock-limited performance of
triptane and other high-antiknock components of aviation
fuels was conducted at the NACA Cleveland laboratory in
the F-3 and the F—4 rating engines (reference 1). The
data of reference 1 are presented herein in the form of
charts, which can be used to estimate the F—-3 and the F—4
antiknock ratings for multicomponent blends of the various
fuels investigated.

The F—4 data appearing in these charts are based on the
following blending equation suggested in reference 2 for
supercharged-engine data:

1 _ NN, N
imep ~ (imep); ' (imep)s ' (imep)s

T, )
where

knock-limited indicated mean effective

_ pressure of fuel blend

(imep),, (imep)s, knock-limited indicated mean -effective
(imep)s, ... pressure of components 1,2, 3, ...

Ny, Ny N, ... mass fractions of components 1, 2, 3,

. in fuel blend

imep

Equation (1) has been satisfactory for blends in which all
components are paraffinic and have equal concentrations of
tetraethyl lead. The equation applies most generally when
the experimental date are taken at high fuel-air ratios.
With the exception of data for one fuel in the present analysis,
all the 4 knock-limited performance data are considered
at & fuel-air ratio of 0.11.

The analysis of F-3 data presented herein is strictly
empirical but has been found to agree satisfactorily in most
cases with the experimental dats. The accuracy of the

505335—50——16

performance charts presented was checked by testing pre-
pered blends under F—3 and F—4 conditions and comparing
the observed ratings with those predicted from the charts.

EXPERIMENTAL DATA

The experimental results upon which this analysis is based
are presented in table I (reproduced from reference 1). No
performance numbers in this table greater than 161 were
used in this analysis, as will be indicated later. The per-
formance numbers for the F—4 tests were estimated from a
reference-fuel framework (reference 1) consisting of knock-
limited performance curves for 90-percent S-3 reference fuel
plus 10-percent M—4 reference fuel and for S-3 reference
fuel clear and with 0.5, 1.25, 2, 4, and 6 ml TEL per gallon.

The use of this method of rating instead of the usual
procedure of direct matching was necessary because of the
extensive nature of the program; complete mixture-response
curves for 132 blends were obtained. For this reason, the
accuracy of the performance numbers shown in table I for
F—4 ratings is largely dependent on the day-to-day repro-
ducibility of the engine. The brief analysis of the results
given in reference 1 indicates that this reproducibility is
good at high fuel-air ratios. Inasmuch as the analysis
herein is concerned only with data at a fuel-air ratio of
0.11, it is believed that the performance-number ratings at
this fuel-air ratio are reasonably accurate.

All blends investigated were prepared on a volume basis.

PREPARATION OF PERFORMANCE CHARTS

In order to make the final charts useful for the prediction of
blends giving F—4 performance numbers greater than 161
at & fuel-air ratio of 0.11, it was considered desirable to
extrapolate the performeance curve to at least a performance
number of 200. This extrapolation was made by plotting
the performance numbers against knock-limited indicated
mean effective pressure from the reference-fuel framework
in reference 1. (See fig. 1.) Although there is a definite
break in this curve at a performance number of 130, the
curve appears to be linear between 130 and 161. On the
assumption that this linear relation is true, s straight line
was drawn through the points at 130 end 161 and extended
to a performance number of 200. The extrapolation between
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161 and 200 is shown as a broken line in figure 1. In refer-
ence 1, a different method of extrapolation was used for
performance numbers greater than 161 (fig. 1); ; consequently,
the performance-number values above 161 in table I for
F—4 ratings are not the same as those used in preparing the
performance charts in the present report.
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FIGURE 1.—Relation between pearformance numhers and knock-limited indicated mean
effective pressures as determined i F—4 rating engine,

TERNARY BLENDS

As an example of the preparation of & performance chart,
first it is desired to know the F-3 and the F—4 performance
numbers of all possible ternary blends of hot-acid octane, an
aviation alkylate, and a virgin base stock. These three
fuels were chosen because their blending relations follow
equation (1). A plot of composition ageinst the reciprocal
of the knock-limited indicated mean effective pressure for
binary blends of any two of these fuels will result in a straight
line. The three binary combinations of these materials
are shown in figure 2. The ordinate scale of this figure is a
reciprocal scale used for convenience in _order that the in-
dicated mean effective pressures can be plotted directly.
Experimental data for figure 2 were taken from table I.
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FIGURE 2—Kuiock-limited performance determined by F—4 rating method for binary blends
of hot-acld octane, aviation alkylate, end virgin base stock. All blends contuln 4m] TEL
per gallon.

In the hext operation, lines of constant performance
number sre drawn on the plot (shown as dotted lines, fig. 2).
These lines. are established by reading values of indicated
mean effective pressure at equal increments of performance
number in figure 1. The data as shown in figure 2 are the
basic information needed to establish F—4 rating lines on the
final chart for multicomponent blends.

For convenience in relating composition and knock-
limited performance of ternary fuel blends, all performance
charts are prepared on triangular coardinate paper. A
brief description of the use of triangular coordinate paper is
given in the appendix. A more detailed description of
triangular plots is given in reference 3.

The performance chart for the system of hot-acid octane,
aviation alkylate, and virgin base stock is shown in figure 3.
Lines of constant performance number in this figure were
determined by noting the intersections of the constant per-
formance lines (fig. 2) with the blending lines. For example,
the 150-performance-npumber line in figure 2 intersects the
blending line of hot-acid octane and aviation alkylate at a
composition of 32-percent hot-acid octane and G8-percent
alkylate and intersects the blending line of hot-acid octano
and virgin base stock at & composition of §7-percent hot-acid
octane and 33-percent virgin base stock. These two com-
positions were plotted on figure 3 and joined by & straight
line. Any point on this line represcnts a blend of hot-acid
octane, alkylate, and virgin base stock that will give a
performance number of 150 in the F—¢ engine at a fuel-air
ratio of 011. All performance lines in figure 3 were es-"
tablished in this manner.

The lines in figure 3 are parallel, which is 10 be expected
when the curves shown in figure 2 are linear. On the basis
of data in this report and in references 4 and 5, it appears
that most paraffinic fuels_blend linearly at high fuel-air
ratios. Even though certain consfituents such as the aro-
matics or ethers did not blend linearly with paraffinie base
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FI16GRE 3.—Knock-limited performance determined by F—4 rating method for ternary blends contalning hot-acid octane, aviation alkylate, and virgin base stock.

F-4 ratings at (uel-afr ratio of 0.11.

fuels, the procedure just outlined for the preparation of [ I
performance-number charts is not altered. A nonlinear
relation in a plot of the type shown in figure 2 results in 2
variation of slope with performance number on the final

-

o Aviction alkylate yirgin base blends
o Hat- acid octfane - virgin base blends
¢ Hot-ocid octane-aviation alkylafe blends

triangular plot. 140

The procedure used for determining the lines of constant

Hot-acid octane. .

F-3 performance for blends of the same fuels used in pre-
paring figure 3 differs from that used for F—¢ performance in

120,

P

that performance numbers are plotted directly against
composition on linear coordinate paper and an estimated

“best” curve is drawn through the data points to determine
the binary blending relations shown in figure 4. There is
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nothing to justify the use of this empirical method for dealing
with F-3 ratings except that the end result agrees reasonably

F-3 performance number

well with the experimental results. One or two exceptions =
to this method will be pointed out later.

o
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The compositions at the intersections of & given constant 2!
performance line with the blending lines (fig. 4) were plotted -Virgin base

on triangular coordinate paper and joined by straight lines.

The resulting F-3 performance lines are shown in figure 5. o

The final chart (fig. 6) was obtained by superimposing figure a 20 40
5 on figure 3. Performance charts for the following fuel

constituents blended with aviation alkylate and virgin base | Ficvre ¢—Enock-limited performanee determined by F-3 rating method for binery blends

60
Cemposition, percent by volume

87

stock (all blends leaded to 4 ml TEL/gal) were prepared in of hot-acid octane, aviation alkylate, and virgin base stock. ~ All blends contain £ ml TEL

S . per gallon,
the same manner and are presented in figure 7: triptane,

diisopropyl, nechexane, isopentane, benzene, cumene, mixed | benzene, mixed xylenes, toluene, and methyl tert-butyl ether
xylenes, toluene, and methyl ferf-butyl ether. Charts for | blended with aviation alkylate and one-pass catalytic stock

hot-acid octane, triptane, diisopropyl, neohexane, isopentane, | are presented in figure 8.

106"~
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Hot-acid octane +4 m/ TEL fgal
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FIoure 5—Knock-limited performance determined by F-8 rating method for ternary blends containing hot-acid octane, aviation alkylate, and virgin base atock.
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FIGURE 6.—XKnock-limited performance determined by P~3 end F—4 rating methods for ternary blends containing hot-acld octane, aviation alkylate, and virgin basa stock.
F-4 ratings a3 fuel-air ratlo of 0.11.
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Triptane +4 ml TEL[gal
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(a) Triptane blends; F-4 ratings at fuel-air ratio of 0.11.
(b} Dlisopropyl blends; ¥4 ratings at fuel-alr ratio of 0.11.

Figuex 7.—XKnock-limited performance determined by ¥-8 and F—4 rating methods for ternary blends containing high-antiknock blending agents, aviation alicylate, and virgin basestock.
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(¢} Neohexane blends; ¥4 ratings at fucl-air ratio of 0.11.
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Frouvre 7.—Contlnued. Knock-limited performance determined by F-3 and F—4 rating methods for ternary blends contalning high-entlknock blending agents, avlatlon alkylate, and virgln
base stock.
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Benzene + 4 mf TEL fgal
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FIGURE 7.—Contlnued. Knock-limited performance determined by F-3 and F— rating methods for ternary blends containing high-antiknock blending agents, aviation alkylate, and virgin
base stock, .
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Mixed xylenes +4 mf TEL/gof
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(g) Mixed xylenes blends; F—4 ratings et fuel-air ratio of 0.11,
(k) Toluene blends; F-4 ratings at {uel-air ratlo of 0.1,

F1GURE 7.—Continued. Knock-limited performence determined by F-8 and F— reting methods for ternary blends containing high-antiknock blending agents, aviation alkylate, and virpin
base stock. .-

--------- F-3 performonce rumber : - T
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Methyl tert-butyl ether +4 mif TEL fgof
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(1) Methyl tert-butyl ether blends; F4 ratings at fuel-air ratlo of 0.11.

FigURE 7.—Concluded. Knock-limited performance determined by F-8 and F—4 rating methods for ternary blends contalning high-antfknock blending agents, aviation alkylate, and virgin
base stock.
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(a) Hot-acld octane blends; F—4 ratings at fuel-alr ratio of 0.11.
Fi1aURE 8,—Enock-llmited performance determined by ¥-3 and F—4 rating methods for terna

ry blends containing high-antiknock blending agents, aviation alkylate, and one-pass catalytio
stock.
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Triptane +4 m/ TEL/qal
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(h} Triplene blends; F—4 ratings at fuel-air ratio of 0.11.
(¢) Diisopropyl blends; ¥-4 ratings at fuel-air ratlo of 0.11.

Fi16URE 8.—Continued. Enock-fimiied performence determined by F-83 ond F-4 rating methods for fermary blends contai.nlng h[gh-nntlknock blending agents, aviatlon allkylate,
and one-pass catalytic stock.
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Neohexane +4 mi TEL [gal
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(e) Isopentane blends; F—£ ratings at fuel-alr ratfo of 0.11.
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Fiivre 8.—~Continned. Enock-] I!m.lted performance determined by F-3 and F-£ rating methods for ternary blends contelning high-antlknmock blending agents, aviation alkylate,

and one-pass catalytle stock.
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Benzene +4 m{ TEL [gal
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(f) Benzene blends; ¥—4 ratings at fuel-alr rafio of 0.11.
(2) Mixed xylenes blends; F—4 ratings af fael-air ratio of 0.11.

Fiaure 8—Continued. Knock-limited performance determined by F-3 and F—4 rating methods for ternary blends contalning high-antiknock blending agonts, saviation alkylate,
and one-pass cetalytie stock. . .
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Jfoluene +4 mf TEL/gal
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and one-pass catalytic stock.



238

In figure 7 (f) the lines showing F—4 performance numbers
for cumene blends were determined by plotting peak knock-
limited power values rather than power values at a fuel-air
ratio of 0.11. This deviation from the procedure used for
all other plots in figures 6, 7, and 8 was necessary because
most of the mixture-response curves for the cumene blends
investigated (reference 1) intersected at fuel-air ratios be-
tween 0.10 and 0.11. (See fig. 9.) The fuel-air ratio for
peak knock-limited power varied between 0.115 and 0.132
for the cumene blends used in preparing figure 7 (f). _

No plot was prepared for blends of cumene, aviation alky-
late, and one-pass catalytic stock because rich-mixture
peaks were not obtained for a sufficient number of the binary
blends of cumene and one-pass catalytic stock reported in
reference 1.

Lines of F-3 performance f(;r-xyl_e-nes blendswereno t,.piotted |

in figures 7 (g) and 8 (g) because the curve of composition
against F—3 ratings for binary blends of xylenes and aviation
alkylate passed through a minimum. (See fig. 10.)

In general, data obtained on the F—3 engine for the aro-
matic blends could not be handled with complete satisfaction
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by the empirical procedure previously explained.
reason, the accuracy of the lines of constant F-3 perform-
ance shown for the aromatic-paraffinic systems in figures 7
and 8 is questionable.

QUATERNARY BLENDS

The performance charts presented in figures 6, 7, and 8
are of interest primarily from considerations of maxmium
knock-limited performance attainable with various combina-.
tions of fuel blending agents and current base stocks. The
producers of aviation fuel, however, are interested in the
maximum knock-free power attainable with a finished blend
that meets physical-property specifications for aviation fucls.
In the present analysis, an attempt has been made to show
how performance charts can be prepared for ternary blends
in which each of the components has been isopentanized to
a Reid vapor pressure of 7 pounds per square inch.
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The addition of isopentane to adjust the vapor pressure
of the components in & system such as that shown in figure
7 (a) will necessarily affect the maximum knock-free power
attainable because of the performance rating of isopentane
relative to the ratings of the other components in the system.
(See table I1.) In figure 7 (a), for example, a blend of 58.5-
percent triptane, 30.5-percent alkylate, and 11-percent virgin
base stock has a lean-rich performence-number rating of
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135/200 and a Reid vapor pressure of approximately 3.5
pounds per square inch (estimated from table II). In order
to obtain the same performance (135/200) with a blend of
triptane, allkylate, and virgin base stock that has been iso-
pentanized to a Reid vapor pressure of 7 pounds per square
inch (maximum from specification), a blend of 55-percent
triptane, 17-percent alkylate, 7-percent virgin base stock,
and 21-percent isopentane could be used. The addition of
isopentane has thus effectively decreased the quantity of
triptane needed to obtain the 135/200 performance rating,
which is attributed to the fact that isopentane has better
performance characteristics than the alkylate or the virgin
base stock used as well as & higher Reid vapor pressure
than the other three constituents in the blend. (See table IL.)

It must be emphasized that the preceding example is
merely given as a sample consideration of a fuel cheracteristic
other than knock that must be considered for a finished fuel
blend. This example is not intended to imply that the
preparation of fuel blends as presented herein with Reid
vapor pressures adjusted to meet specifications will neces-
sarily produce blends that will meet all pertinent specifi-
cations. .

Several performance charts for quaternary blends con-
taining isopentane were prepared for comparison with the
charts previously described for ternary blends. In each of
the quaternary systems, the vapor pressure was adjusted to
7 pounds per square inch. Three assumptions were made in
the preparation of these charts:

(1) The relation between composition (volume basis) and
Reid vapor pressure for binary blends of isopentane with
another paraffinic fuel is linear.

(2) The relation between composition and the reciprocal
of F—4 (rich) knock-limited indicated mean effective pressure
for binary blends of isopentane with another paraffinic fuel
is linear. '

(3) The relation between composition and F-3 perform-
ance number for binary blends of isopentane with another
paraffinic fuel is linear.

On the basis of the available data, assumption (3) appears

to be valid for only a few cases. For this reason the F-3
performance lines on the charts for quaternary blends may
be in error.

As an example of the preparation of the performance chart
for a quaternary system, if is assumed desirable to isopenta-
nize the blends represented by figure 7 (a). The first step
in this problem is to determine the amount of isopentane to
be added to each of the pure components (fig. 7 (a)) to obtain
a Reid vapor pressure of 7 pounds per square inch and to
determine the resultant F-3 and F—4 performance-number
ratings for these blends. This information was obtained
from the foregoing assumptions and the data in table II and
is presented in the following table: .

F- Indf-
cated
mean

F-3 per- effective
formance pressurs

number (b/sq in.}
769%, triptane-21% isopentane+ 4 ml TEL/gal . _______ 145 455
859% alkylate+ 15% isopentane+4 ml TEL/gal. .. .. ... 121 200
929, virgin base+ 8%, isopentane+ i mI TEL/gal ... ___ 78 142
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F1GURE 11,—Enock-imited performance determined by F-8 and F—~ reting methods for quaternary blends containing triptane, eviatlon alkylate, virgin base stock, and fsopentane. F-4

ratings at fuel-alr ratio of 0.1L
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The triangular chart shown in figure 11 (a) was obtained
by treating these three blends (all of which have Reid vapor
pressures of 7 Ibfsq in.} as separate components by the pro-
cedure used in preparing figure 7 (a). Any point on figure
11 (a) represents the F-3 and F—4 performance number of a
quaternary blend. The actual quantity of each component
in the blend, however, cannot be readily determined from
the chart because the percentages given on the altitudes of
the triangle show only the amounts of the binary blends at
the vertexes. For this reason, the grid of the chart was so
adjusted, as shown in figure 11 (b), that the quantity of any
one of the four components in the blend could be determined
from the chart.

As an example of the method of determining the composi-
tion of fuel in figure 11 (b), it is assumed that a blend of
triptane, aviation alkylate, virgin base stock, and isopentane
having a lean-rich rating of 130/180 is desired. The concen-
trations of triptane, alkylate, and virgin base stock in the
blend having the desired rating can be read directly from the
altitudes of the triangle in the manner used in previous
charts. These concentrations are 48, 19, and 13 percent,
respectively. The concentration of isopentane can be
determined by subtracting the sum of the percentages of the
other components from 100.

Performance charts for the following quaternary systems
have been prepared and are presented in figure 12:

Triptane, hot-acid octane, aviation alkylate,
isopentane

and

Triptane +4 ml TEL [gal
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Triptane, diisopropyl, aviation alkylate, and isopentane
Triptane, diisopropyl, hot-acid octane, and isopentane
Diisopropyl, hot-acid octane, aviation alkylate, and
isopentane
The vapor pressure determined for the diisopropyl used in
figure 12 was 7.4 pounds per square inch. (See table II.)
In the preparation of figure 12, however, a vapor pressure of
7 pounds per square inch was assumed for diisopropyl.

ACCURACY OF PERFORMANCE CHARTS

The accuracy of the charts was determined by selecting
ternary or quaternary blends from the various charts and
investigating these blends by the standard F-3 and F—¢

procedures. Inasmuch as the F—4 ratings shown on the

charts were estimated at a fuel-air ratio of 0.11, the check
ratings were determined at this same fuel-air ratio.
The check blends investigated and their ratings are shown
in table III. These blends are also shown on the various
charts by the symbols. The fuel numbers shown adjacent

to each of the symbols on the charts correspond to the fuel

numbers given in this table. Al! the data in table III are
presented in figure 13 to show the relation between estimated
and observed performence numbers. For the 25 blends
shown in figure 13, the average deviation from the match
line was 3.1 performance numbers for the F-3 ratings and
1.5 for the F—4 ratings. S o

-4 performance number
F-3 performance number

Percentage rsopenfane con be defermined
by subtrocting sum of percentages
of other camponents from /0C.

Reid vaoor pressure, qoproximately
7 lbfsq in.
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(a) Blends of triptane, hot-acid octane, aviation alkylate, and isopentane; F-4 ratings at fuel-air retio of 0.11.
FIGURE 12.—Knock-limited performance determined by F-8 and F—4 rating methods for quaternary blends,
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(b) Blends of triptane, diisopropyl, aviztion alkylate, and isopentane; F—4 ratings at fuel-alr ratlo of 0.11,
(c) Blends of triptane, diisopropyl, hot-acid octane, and isopentane; F-4 ratings at fuel-air ratio of 0.11,

FIGUER 12—Continuied. Enock-limited performance determined by F-3 and F-4 rating methods for quaternary blends.
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FiGuRE 12.—Concluded. Enock-limited performance determined by F-3 and ¥4 rating methods for quaternary blends.
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nF-4 Rotings (fuel-oir ratio, emphasized that the previously mentioned discrepancies
noted in the F-3 ratings of binary blends containing aro-
matics are responsible for some of the large deviations in
table ITI. For this reason the F-3 performance lines for the
aromatic systems shown in figures 7 and 8 must be used thh
considerable caution.

oF3 Ratings | |a U/EE In consideration of the accuracy of the charts it must be
)

8

DISCUSSION OF PERFORMANCE CHARTS

The data in figures 7 and 8 can be used for certain general
comparisons of paraffins, aromatics, and ethers. In figure
P , 7 (2), for example, at the point representing a blend of 81-
° percent aviation alkylate, 19-percent virgin base stock, and
< 4 ml TEL per gallon, the lean-rich rating is 110/123. Mov-
ing on & straight line from this point toward the triptane
vertex until 20-percent triptane has been added results in a
blend having a rating of 118/145. The addition of 20-
percent triptane to the base blend has thus increased the lean
rating of the base blend by 8 performance numbers and the
rich rating by 22.

On the other hand, if in figure 7 (e) 20-percent benzene is
added to the same base blend used in the foregoing example,
then the rating changes from 110/123 to 106/146. The
addition of 20-percent benzene has decreased the lean rating

by 4 performance numbers, whereas the rich rating has been
6a

7 700 120 740 76p | increased by 23.
Estimoted performonce number (from chorts) - From this comparison, it follows that in the illustrative

example the aromatic (benzene) and the paraffin (triptane)
F1oURE 13.—Relation between estimated and observed kmock-limited performance ratings as . . . . .
determined by F-3 and F4 rating methods, are equally effective for increasing the F—4 (rich) performance
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but that triptane is more effective than benzene for improving
lean performance.

When any two of the charts in figure 7 or 8 are compared,
the nearer a given constant performance line is to the base
of the triangle, the better the performance of the fuel Tepre-
sented by the top vertex of the triangle. For example, in
figure 7 (a) the line representing an F—4 performance number
of 200 is much nearer the base of the triangle than the same
line in figure 7 (b). Triptane plus 4 ml TEL per gallon has
therefore a higher rating than diisopropyl plus 4-ml TEL per
gallon.

Observations similar to those made in the foregoing dis-
cussion can be made for the charts in figures 11 and 12. In
the case of these figures, however, the effect of a single com-
ponent cannot be isolated from the other components because
the concentration of isopentane varies with that of any other
component in the system.

SUMMARY OF RESULTS

Charts are presented that permit the estimation of F—3
and F—4 knock-limited performance ratings for certain
ternary and quaternary fuel blends. Ratings for various
ternary and quaternary blends estimated from these charis
compare favorably with experimental F-3 and F—4 ratings,
Because of the unusual behuvior of some of the aromatic
blends in the F~3 engine, the charts for aromatic-paraffinic
blends are probably less accurate than the charts for purely
parafiinic blends.

L

Arrcrarr Eneine Research LaBoratory,
NATIONAL Apvisory COMMITTEE FOR AERONAUTICS,
CrLevELAND, Onio, January 29, 1945.



APPENDIX

USE OF TRIANGULAR COORDINATE PAPER

The use of triangular coordinate paper to represent compo-
sition for a three-component system will be greatly simplified
if it is remembered that for any point in an equilateral tri-
angle the sum of the perpendiculars from that point to each
of the sides is equal to the altitude of the triangle. For
example, in the following diagram OP+OM-+ON=Bb.

B

A c

] NS Y

If each of the vertexes of the triangle represent 100 per-
cent of one of the three constituents, then the percentage of
component A in blend O is OM, the percentage of the com-

ponent B is OP, and the percentage of component C is ON-

The equation of a straight line on triangular coordinate

paper is of the form

e=bN1-+cNz+ Ny

where

a b, ¢ constants :

Ny, Noy N3 concentration of components 1, 2, and 3 in
ternary blend

Any equation relating knock-limited performance and blend
composition that can be reduced to this form can be repre-
sented by a straight line of constant performance on triangu-
lar coordinate paper. Equation (1) presented in the text of
this report can be reduced to this form by multiplying through
by any one of the performance values (1mep)1, (imep),, or

(imep)s.
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TABLE I—PERFORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES

For each fuel there are three rows of values; The first row 1s imep, 1b/sq in.; the second row for F-3 ratlngs 18 octane number or tetraethyl lead in 8-3 reference fuel, ml/gal; the second row for
F-4 ratings {5 percentege 8-8 reference fuel in M-4 reference fuzel or tetmed:yl lead in 8-3 reference fuel, ml/gal; the third row is performance number, The following abbreviations are used
throughout the table: VBS for virgin base stock; alkylate for aviation alkylate; one-pass atock for one-pass catalytic stock; and MTB ether for methyl Zeré-hut yl ether.]

F-4ratings b F-4 ratingg b

Fuel | Fuel composition » (by volume) | grit. Fuel-air ratio Fuel | Fuel composition = (by volume) |, Fi8 | Fuel-uir ratio
0.065 | 0.070 | 0.088 | 0.005 | 0.100 | 0.110 . 0.005 | 0.070 | 0.085 [ 0.095 | 0.100 { 0,130
A-355 | VBS S R w| s| 12| wr| w| 18 || A48 | 809 affsopropyl+40% one- .t 9| 14| 15| 10| 20| 28
stagy, e OETES | 5ai logs | 044 | e [2.00 272 |4

90.7 ] 96.6 | 99.8]0.08 ) 90.8 | 90.0 | 97.8 X . 00 .
A-118 | 50% alkylate--50% VBS 86 g 4 lg 162 Igg A-404 | 0% dIIso 1+20% 18 ilal) H; lgn 12%% m g;
- alkylate RS J—— IO one-nass . 197

o Biky 08.810.10] 0. 19 | 0.34 01:1115 0.20 | 0.24 stock Bropy; r . 68 . 68 |4

g6 104 | 07 111 110 | 108 - - - 120 I31| 135 148 1851 182 | 177
A-356 | Alkylate . onoe oo S 104 1204 176} 1907 195 201 A-393 | Diisopropyl oe oo oooooo.o. wewe | 147 | 178} 246} 289 304 | 324
0. 0.55(0.63 157 L71|L87]214 . 241 | 8.8 (411 (. [eaan | cime | anen
119 | 117 | 124 | 134 | 185| 187 140 i 142 | 150 | 188} 175 196 --. R
A-132 | 309 onc-pass stock+70% VBS._.| ..-. 72 71| 116 | 130 | 136 ( 145 A—411 | 20%, neoh +80%; VB8 -t T4 86 124 1427 147
00.6 1 03.8.|90.0{ 100 98.0 | 9758 ]97.7 0451 05.0 | 100 [0.10] 0.09 | 0.05 | 09.2
75| 8¢ 78 { 100 04 94| 94 : 8| 88| 100| 104] 103} 02| 68
A-116 | 509 one-pass sfock+50% VBS__.| ... 84 76| 116 | 137 | 1456 | 156 A—412 { 40% nechexzane+60%5 VBB _____. Jp— 81 97T 138 ] 188 184 | 187
90.9 83690311 100 0.0t]0.01[0.08 0.05]99.4(0.17[0.28| 0.31 [ 0.32}0.28
7 78 84| 100 101 | 101 | 103 - 102 981 106} 19| I11] 111 1i0
A-118 | 80% one-pass stock+-20% VBS...] ... 67 76| 114 [ 142 | 154 | 165 A-413 | 60% neohexane-+40% VBS. ____. o 93| W81 159 178 | 183 197
02.7190.6]93.1(90.2|009)016]0.24 0.36 | 0.20 | 0.34 [ 0.67 | 1.03 } L17 ] 1.35
78 78 84 971 104 106{ 109 2| 10| 112 120 124 123 | 130
A-122 | 30% onc-pass stock1-70% alkyl- | ..._. 82] 108 | 152| 172| 1 A-414 | 80% neohexane-+20C; VBS___.... ... | 108} 1301 182 | 203 | 208 | 210
ate 0.15{ 100 | 0.26 | 0.45 | 0.58 | 0.75 | 0.83 2.00)0.76 | 1.OB | 1.85 | .48 & 2.87 | 2 41
106 | 100{ 110| 114} 117 123 138 131 | 137 | 138 | 1437 143! 142
A-117 w%ons-pass stock+50% alkyl- | .~ 78 91| 143 | 167 176 ( 186 A-415 | 20% neobexene+80%; alkylate. _..| --__| 1123 | 130 | 172] 193 | 199 [ 202
ai 300 | 96.8 [ 0.06 | 0.34 | 0.44 ) 0.58 | 1.17 L10]0.95| 1,06 | 1.41 ) 1.85 | 1.05] 1,01
100 91| 103 I11| 114 117 | 120 . 127 | 125 127 ! 1327 137 | 138 | 138
A-121 | 80% one-pass stock+20% alkyl- | ... 72 70 | 123 | 149 160 | 177 A~416 | 409 neohexane-60% alkylate. .| .- 118
ate 9.3 |038| o5|0.00 0.2 | 0.48 Leo| 125|138 (210! 2483250238
8 8¢ 06 104 | 107 115 = 133 | 130 131 | 140} 143 | 143 ) 142
A—410 | One-pass stock oo ooococomcccaee| aoaae 73 125 | 151 | 164 | 170 A-417 | 607 neohexsnet40% alkylate.._.[ .- | 124 | 146 | 108[ 212 ) 25| 218
93.4|06.8 ]| 90.8)0.120.18)0.28 | 0.49 Fil . 2067 | 1.83(1,78 | 2.78]3.10)8.07 | 3.8
A-~136 | 20% triptane+-80% VB8 - g}l % ﬁ }.gg %(lig Il.ég A-418 | 80% ; -h +20% alkcylat - Il.gg 1% %‘é 5| 3| 3%
~ % triptane-80% VB8 ... .| - % neohexane+20% ate....| _ae
942 | 05.0)0.05{0.2310.27}0.27 (0,28 3.36 | 2.35 | 2,67 [ 3,61 | 3.03| 3,93 (3,52
A-137 | 40% tr tan 1-60% VBS 8 1(8)3 i% %g‘; ié? ‘41!(1}(1) 308 A—420 | 209, “neoh +80% - 174% 13; }gé %gf }gg 1&
-] o triptane e YB3 | ... s _Deohexane one-pass | ..-- 1
0.18 43 10.65|0.96 ]| 175 | 207 | 2.07 stoek 06.6 | 98.1/0.14|0.a8[ 0.50 | 0.92] 1,38
107 | 114 | 117 | 1285 | 186 ; 139 ( 139 95| 105 ) 118] 116 | 124 131
A-138 | 609 triptane+40%, VBS_ .| -.—._ 117 | 142 224 | 260 264 )| 260 A-491 | 40% neohexane+&0% one-pass| ... 8] 107f 185 10| 197
0.67 1 L L58 | 5.584 | cae | cmae | omee stock 0.10 0.10| 0,33 | 1.Q2 | 1.70 | L.85 | 1.96
120 136 | 160 | 175 | 176 | 175 1 ) 1 135 | 137{ 1
A-272 | 20% triptane{-80% alkylate . ____| .____ 90| 126 | 185 213 | 225 | 287 A~422 ! 60% nechexane+40% one-pass{ .... | 108)] 138 | 192| 210 218 217
L08 013|088 }218]3.17|38.79 457 stock 0.3310.75{1 2,58 3 2.90
A-273 | 409 triptane--60%; alkylate il 198 B% ;25 ;62 :.1’74 ;83 A-423 | 80% he +20% - gé }gg ;42 5:!43 é-’g gg
~ % triptane % ate..... . neohexane. one-pass | ... 1
2 0.38108 |&560| __ | - | o0n stock 1,66 | LOL|3. 4,00 | 472|467 414
- 142 | 113 | 123} 160 | 177 2 136 | 38| 147} 158 186 | 156 153
A-274 | 609, triptene--40%; alkylate. ... ___. 111 150 | 276 | 318 328 | 834 A~394 | Nech L —-- | 159 187 230 | 240 | 242 | 243
270|090 [ 278 ] ccae | mame [ mome | aa 600|476 )65 | .| _-F&87| 843
A-275 | 80% triptane-20%; alkylat. 18 %323 igg 313?2 ndl indl Biod A-123 | 20% {sopentane+507; VBS 10 [';"g lg‘g }.g ﬁf }?tli {ig
~ o triptane. ] L L = Yo 130pentane ' R ‘
3061280800 oo | e | aman | i 0441063.8)0.02}014]0071005{089
A-276 | 209 triptane-+80% oo | M| %8| %5\ 57| ms | weo | i85 || a-126 | 409 tsopentane+00% vBS 0| | 1| 15 18| 1%
~ % trip % One-pass s -~ %% lsopentane: 5 VBS. ...... i
gtogke 08.8 | 0.0 1°90.7 1 0.0 | 0.14 | 0.26 { 1.17 00.1198.8610.2010.20[021[0.18(0.12
96 77 78| 101 | 1056 | 110 | 135 o7 96| 1081 110 108 107 | 108
A-277 | 40% {triptane+4807% one-pass ——- 8 80 139 | 178 | 188 | 281 A-~134 | 60% Isopentane$409; VBS_..._.. - 87| 112 | 153 | 168 | 172 | 174
atock ¢ 0.08]00.4|005(0.20|0.8|177{3.88 0.23|0.12) 0.41 ] 0. 46 [ 0.46 [ 0.45 | 0.42
103 | 01| 111 136 | 152 - 108 106} 114 | 114 | Li4 | 174 103
A-278 | 80% friptane{409; ono-pass —-. | 100] 100 171 | 218 | 244} 201 A-375 | 20% Bopentanc}-80%; alkylate. ..} .| 180 144 | 186 | 200 | 204 | 204
stock o 0.4210.43 10,36 ) 1.36 | 3.82 | ocme | —men 0.92( L30 | L6O|219]|2.34]220) 200
1157 1141 1 1] 150 | 162 ] 190 . - 1241 131 I135| 1 42 41| 138
A-27Q 80& triptane-}20%; one-pass wee. | 1267 147 200 ) 361 391 | .. A-370 | 40% Isopentanc6076 alkylate...| .| 121 | I44| 191 | 203 [ 206 | 204
[ s 1.80 | L63 | .82 oo | coae | o | - [i} 1,39 1.69 | 2.52 | 248 2.00
130 | 134 187 ___ | -coc | —eo ] = . 125 | 131 135 | 143 | 143 | 142 138
A-271 | Triptane o oo ann- ee- | 204 2062 (d308 | o | oem | - A-388 | 20% ‘isgpentane+4-807 one-pess | ... 78 87| 132| 160| 173 | 188
b %+ 1 [N [ U, P RS R, stock 095.3| 9.5 002]|G20]0.34|047] 129
1401 291 | coon Jomcon | cone | meme | = - o4 101 | 108 | 111 115] 130
A-397 | 0% dlisopropyl+80% VBS. .cov| .. 77 01| 132 | 140 F 154 | 145 A-384 | 40% lsopentanc+60%, onc-pass | ... 85 97| 140 108| 180| 102
) 96.0060|0.08]0.20]¢10]|018]0.04 atock 100 0.07 | 0.17 [ 0.30 | 0.46 | 0.92 | 1. 47
80 01 103 ( 108 | 107 | 108 101 _ 100 03] 107} 111 | 18] 124 ) 138
A-398 | 40% diisopropyl4-60% VB8 BL: 96| 148 | 167} 175| 180 A~180 | 20% hot-8cid octanc+807 VBS .| . 70| 83 128 | 147 | 181 | 154
0.0090.40.16]0.34|0.44 | 0.5 | 0.67 <t ¢ 94.3:92.5)|9080{0.1610.16 | 0.11 | 0.02
108 88 106 112 114 | 116| 120 5 . 8 ) ¢4 106 100| 105| 101
A-399 | 80% dilsopropyl4-409; VBS .| ... 93| 108 | 163 | 187 | 187 207 A-140 | 4095 hot-seid octane+4-607; VBE._{ ... T4 80| 143 168| 173 | I79
. 0.331033}034]|0 L5 | 1L 221 100 : 5.0 ] 0.03 | 0.34 [ 0.46 | 0.47 | Q.
111 111 112 [ 124 |° 134 137 1 141 100 g4 | 101 111 14| 115} 117
A-400 | 80% dilsopropyl+20% VBS..._ | --. 11| 41| 202] 22 A-141 | 60% hot-acid octane+40% VBS..| .... 84 106 | 165 191 | 108
117 | L10 56 (3.23 434|607 (- 0.1810.0510.31|1.02|1.75| L91|22]
. 128 | 1 134 | 148 | 148 163 . 107 102 111 | 128} 136 | 138 | ti0
A-405 | 20% diisopropyl+80% alkylate.. | _._. | 125 | 46 192 | 210 | 217 | 222 A-367 | 20% hot-acid octane+80% alkyl- | ... | 121 | 142 188 205 | 210 | 28
0.00 | L78]|1L78|2551297|3.21|3.24 . ate 0.82| L39(1.60| 239262 |273|57¢
. 124 B| 136 | 144 ] 1461 148 148 < 123 | 131 | 134 141 144 | 145 | 148
A-406 | 40% dlisopropyl+-60% alkylate...| ... 138 158 | 208 ) 227 | 284 | 240 A-368 | 409 Hot-acld cctunc+-00%; elkyl-  __. 125 | 1480 200 | 219 | 226
: 145 | 247 1 267 13.40 | 4 480 | 500 afe 0.72 11,58 |1.87[3.10] 3.50|3.80 |42
132 | 143 144 | 150 | 134 | 158 | 157 121 134 | 137} 147§ 130 152 | 18
A-407 | 60% dilsopropyl+40%; alkylate_ .| ... | 133 | 154 | 212 | 240 | 252 | 263 A-369 | 60, hiot-acid octanet+407% alkyl- | ... | 120 | 154} 3216 | 210 | 248 | 257
140 ) L91 | 220 ] 8.87 | . - . . ate . 08| LT7|229143 . . o
132 138 141 152 | 162 147 | 171 - - 124 | 236 | 141 140 162 | 164 | 108
A-~408 | 80% dllsopropyl+20% aelkylate. .| ... 162 226 | 1) 275 | 202 A-870 | 80% hdt-acid octane+20% alkyl- | .. 120 184 ) 208, 269 776 | 280
210 |24 |305[6.8 ) .| —- {.oaam afe_ L 72 229 . - R
130 ¢ 141 | 147 161 | 176 | 182 180 i 21| 196 141 { 169 182§ 183 ) 182
A-401 | 20% dlisopropy14-80%; one-pass . w 80 132 | 183 | 177 1908 A-371 | 20% hot-acld octane+8075 one- | ... 80 S0} 138 17G| 185 | 206
stock 06.1{98.1(0 0.20 ] 0.30[0.87 | 1.60 -t passstock 95110881000 0.28(0.49 | 1.30 214
9 [ 102 108 | 113 | 1201 134 . - 86 95| 102 10| 115} 130} 140
A-402 | 40% diisopropyl-+60% one-pass - 84 09 150 | 177 | 159 { 2069 A-37% | 40% hot-acld octane+-60% ome- | ... 88 @ 14 192
stock 0.0610.05010.2010.43|0.05| 148,234 past stock 100014017 [ 0.48 ; 1.0 .57 |3 M
102" 102717 108 114 126 | 133 142 - 1000 105] 107" 115 136 113__161_
s Each fuel contalns approximately 4 ml TEL/gal. d Estimated value.
b Based on fixed referenca-fuel framework (reference 1), ¢ Vales for knock-limited imep wore avereged from three curves.
¢ Knook-limited performance of engine with one-pass catalytic stock was low on day fuels t Values for knock-llmited imep were averaged from two curves.

were investigated.



ESTIMATION OF ENOCK-LIMITED PERFORMANCE RATINGS OF TERNARY AND QUATERNARY BLENDS

TABLE I—PERFORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES—Concluded
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F—4 ratings b F—4 ratings b
Fuel | Fuel composition s (by valume) mf[-:ésp Fuel-sir ratio Fuel | Fuel composition = (by volome) m{l;:&s Fuel-alr ratio
0.065 | 0.07¢ | 0.085 | 0.085 | 0.100 | 6. 110 0.065 | 0.070 | 0.085 | 0.095 § 0,200 | 0.110
A-373 | 60% hot-acfd octane one- | . 101 | 164 | 203 | 220 | 245 A-859 | 40% benzene{-60%; alkylate. ... --— | 102} 112 | 182 | 230} 258 | 205
pass stock % 0.1810.19 1 0.23 | 0.96 | 2.48 | 3.43 | 5.71 0.12 | 0.48 [ 0.41 | 1.95 | 472 | .. } ———_
kst oaomtos ane | 0 | 01 81 12| IR L | oo tit....| | | H| | | e T
A-37T4 cetane$20%; one- | .- 5 o benzene o - - R ICL Tl =
pass stack 0.45 (1 0.41 {045 | 226 | 3.93 | 560 ._. 00 | 0.48 | 0.88 | coon | oo | mmen | oem
115 | 114 115 ( 141 ) 152t 1680 | 175 00| 136 | 1B | oo f een | coen | eee
A-330 | Hot-acid octane fo oo ____ - | 181] 150 | 250 | 280§ 304 | 817 A-361 | 80% benzene1205; alkylate...... coaa 8 110 178 | ool e | e | e
LO8 (L8276 ccu| coe b aee | —- 08.3 | L.30 | £08 | cace f caee [ cooe | come
A-287 | 2055 mised xylenes+805; VBS il By 174% {14 %ﬁ 138 | 148 | A-8362 | 209 benzene+80% tock * 1379: 1gg “i43 | 12 | Tisi | 23
- io Iylenes 70 e = 68 ‘o ne 7000 06-DASSS Pt i
926 | 913 | 94.700.2 | 08.7 | 98.1| €8.8 81069 10010.83 | 0.58 | 1.25 | .96
A 0% mixed xyl --605; VB g 197 12; % lg A 409 henzene1-60% stock & g% 1% %% éllg gg 201'93
-258 | 40% xylenes: 8...f ——- 17 160 -863 %o ene one-pass J— T
° 95.5 | OL.9 | 94.7 03{0.16 26 | 0.88 0] 100|958 [0.73 |3.17 | 833 ...
A-250 | 60C% mixed xyl 4055 VBS 8 5 = %gé g ﬁg ]%gg A. 805, benzene--40% tock s 1& Bg }.%} %ﬁ ég %;g
~ Ga xylenes: 2 P T4 85 -364 Go (] one-pass s R T
95.2 1950} 60.3(0.35| 190|314 ... 91.5 913 |90.7 {282 cc_feeae | aen
A-260 | 80% mised xylenes+20% VB8 8 ﬁ g %2 il Bl i A 80%D -+20% stock " ﬁ 338 el e -
- m xy] R I [ I R ~365 % benzene-+20%; ane-pass stoc] . PO R Y R,
0.041005 (01440 o] e | -— L010.20 ) 011 | cacm ] ccm | et | aaee
100 | 102 105 18| - | ] --- 80 11| 105 | oo | wmoe § oo | —-u
A-261 | 209 mixed rylenes}80% alkyl- | .. €8 | 101 153 104 ] 208 | 227 A-340 | Benzene f..___ ... — TN RN R PN IO S
ato 0.520.14)0.23|0.65]|1.90]| 257 | 8.5 7 [ [ U [N SN R
ue! 1ws| 108 | 119] 137 ] 143 | 150 68| 188 | 1068 | oo | come f cooe | —mem
A-~262 | 409 mixed xylenes160% alkyl- | ... 2 85 | 163 | 206 252 | 287 A-521 | 209 toluene+80% VBS_________. R 8% 96| 137 | 186 164 | 172
ate 0.27) 100(0.14|0.46 260 | --- 93.710.07(0.160.26 ]| 0.29:0.32| 0.27
110) 100 105 15| 144 | 187 | 187 82| 103 106| 110 | 10: M1 | 110
A-263 | 60% mixed xylenes+40% alkyl- | ... 85 e8| I81| 2| .- --- A-322 } 40% toluene-+605; VBB ________ J— 92 961 175 | 228 M5 266
ate 0.14 10,07 | 0.19 [ L.89 | __ | --- 95.10.24 |0.16 ] 1.57 | .43 [ .__ .-
A-204 | 80% mixed +20% alkyl IR ARAR 11 - A 60% toluene440% VBS EAEIEAR | 15
- Xyienes o N . - -323 toluene: R .
ate oa7jo2loor| .| | | = CAERTAEN R E X ] Pt i
A-285 | 20% mixed xylenes-+80% sl ARAR AR 151 | 178 809 toluene--20¢; VBE, A o || ==
~ %o xyle: ong- | . A-32¢ % toluen o SNSRI R IR [
pass stack © 04.7103.11920|97.0(0.03]0.11]0.50 08.8 | 0.45
A-206 | 409 mixed xylenes+60% u g glﬁ l% %% % %g 20 toluene-80%; alkylat % 11;?
- nes one- ——— A-325 e ne Ca (I ——
pass stock ¢ 97.5 1088 100 | 0.2} 0.58 ] L.81 ; 586 0.48 | 1.39
A-267 | 60% mixed xylenes$40% b gg %88 ﬁ ;ﬁ g g 40% tol —+60% alkyl s igé
~ %o Xy one- | ... A-326 toluene ate____... J—
pasa stock 88.8(031]022 |20 .| 01— ° 0.54 | 0.75
A-268 | 80% mixed xylenest20% g ﬁé }% zlsg 1% - 80 toluene-+40 alkyk 18 ig}:
xylenes one- | .. IR R, A-827 toluene+40% ate....... I
pass stock ¢ 0.6 | 048 |03 | ..o [ 0| I ? 0.25 | 0.43
106 115 MY | e | e | e |~ 109 | 114
A-256 | Mixed xylemes e« _____ e | cmae ] 105 | 122 | ol | ciee | o | e A-328 | 80% toluenet20% alkylate_.._... O I 1]
0920601068 | .| an| e --m- 0.16§0.75
124 | U8 120§ oom b o | ooem ] e 106 121
A-245 | 205 cumene480% VBB ocene._. . 87 72 1231 134 154 A-331 | 20% toluene+-80S5 one-passstock | ... 80
490.6(9.7]|925|957)|96.9[0.02 95.1 ¢ 88.8
78 78 78 82 8 gL 101 85 95
A-244 | 40% cumene-{60% VBS. ... —- 67 70 95 117 | 130 160 A-832 | 40%; toluene+60%; one-passstock | .. 86
92.7 | 90.6 { 80.3 | 9.3 | 9A.7 | 95.6 | 0.14 95.3 ; 0.07
il 78 i} 80 84 83| 103 8¢ 103
A-246 | 60% cumene--40% VB8 _____ S 87 72 Q4 118 | 132} 174 A-333 | 605, toluene-40% one-passstock | ... o1 178 | 270 ] 310 | ...
04.2]90.6|190.7|90.8}0L0] 98.2 42 471021 0.14 | 178 oo | coe | oo
83 78 78 73 86 oI | 114 91 108| 105 135 182 ... | -
A-247 | 80% cumene+20% VBB ._...._.. o 7 76 90 [ 120 | 151 | - A-334 | 809 toluene-205; one-passstock | _.__ | 102 106 ____ | | .| ..
96.0 1 96.0193.3|80.2| 947|011 - 0.10 ) 0.48 | 0.8L | e | cooe | mmn | oo
88 [} 84 76 | 105 ... 04| 16| M| | oo oen | e
A-248 | 20% cumene--80% alkylate. ... . @81 102| 143 | 172 | 187 | 215 A-320 | Toluenef . ... wee | I8 MO ) ceen ] ool | —aee
0.32/0.38/0.25|0.34 | 0.58]1.39| 276 0.857 1 200 ) .51 | oo | cmec§ oo | aeee
111 | 13 100 | 111 117 131 145 18| 138 188 | | oo | ceen | aea
A-249 | 4095 cumene$80% alkylate.._....1 =... 71 761 113 | 148 | 171 | 233 A-336 | 209% MTB ether480% VBS.__. . 05| 101 | 44| 170 179 | 187
0.11 | 93.1]93.3 | 08.8 | 0.17 | 0.44 | 400 98.8(0.31)0.23]0.30] 0. .83 | 1.25
105 84 84 85 106 114 153 96 111 08¢ 111
A-250 | 607 cumene-40% alkylate__.____ ——— 77 76 04| 124 | 140 | 277 A-387 | 4095 MTB ether+60% VBS_... | ___| 112 | 118} 185
0‘1813 96.9 1 93.3 {90.8 (900|008 .. 012 0.95]0.42 102
A-281 | 80% +20% alkylate. gi % ;g 1?2 %g 0 A-338 | 609 MTB ether4-40% VBS 108 % %g %
- o cumena+20% alkylate..._._. - ——— = o ether s VBS.__.. N
97.7 1 95.0} 9L3 | 87.5 | 92.7 | 0.28 | .--- 0021 ___ 314 ___
93 87 86 78 82| 110 ... 124 148 | 162
A-252 | 20% cumene--80% one-passstock | _._ 70 69 91| 120 | 187 | 176 A-33% | 809 MTB ether4+20% VBS_ ... mmen | —me- § 289 | 309
03.0 [ 92.5 [ 88.6 | 89.8 | 64.3 | 97.8 | 0.44 261 ol e | e
80 82 78 I a5 93| 14 223 [ SR IO RV SN R
A-~253 | 40% cumene-60% one-passstock.| ___. 70 67 75 95| 112 ( 168 A-847 | 2065 MTB ether480%; alkylate_.| _.._| 143 | 15§
9.6 1902.5(87.4|829(8.8(90.0(030 1.08 | 8.06 | 238 | oo | coos [ amon [ e
82 82 74 o7 72 7| 111 IB6 ) 146 142 18] 174 | 178| 1
A-~254 | 60% cumene--10% one-passstock | ... 66 62 656 81 o4 | 153 A-348 | 405 MTB ether4-80% alkylate__| __.. | 166! 174 ]| 258 | 312 | 338
.01 90.0]84.0]78.8(81.3]84.4| 100 280 | B43 1421 ) )]l
80 78 68 62 a5 60| 100 141 ) 150 154| 183 ___ | .| ...
A-255 | 809 cumene-+20% one-pass stoek | ... 86 63 70 e8| 14l .... A-349 | 6055 MTB ether}40% alkylate..| _._. | 258} 220 | 327 —-
95.0 | 90.0 | 84.8 | 80.8 | 87.3 | &1 | —— : b1 I R R RV IR RN
85 78 60 54 74 .- ) [— 43 . f 198 | o) aen ] oo
A-240 ( Cumene oo oeeoo | ___. 7l 7 87| 128 | .| —ain A-350 | 80% MTB ether+20°; alkylate__| ____ | 3| | o] eeem
0]96.91927|87.9|953 | -au- | —--- [NV JN (S RS RN I IR
86 91 83 74 8B | ---- 161 |
A-341 | 2095 benzene+80G; VB8 .. ___..._ . 78 85| 134 | 156 | 1683 | 168 A-351 | 209 MTB ether-}-8055 one-pass | _... 87
OL4]97.5{690.4|0.22|0.27[0.29 30 stock g6.1 | 0.12
76 93 ¢7| 108| U6} I0| 111 88| 108
A-342 [40% benzene-+60% VB8 ______.... o 81 89| I46| 178 | 190 | 208 A-352 | 4065 MTB ether4-60% one-pass | ____ | 113
924 109.4710.05(0.37| .03 | L.63 | 228 stock 0.14  1.00
78 97| 102 | 112]| 120 134 | 141 105 | 128
A-343 | 60% benzene+40%; VBS . ... ——- 78 85| 44| 36| 384 | .- A-353 | 60% MTB ether4405; one-pass | ... | 185
921 07.6 1 09.4 | - | coem | oeen | ——- stock . 0.47 | ...
83 03 07| 18| ccoo | eeee | = 115 173
A-344 | 8895 benzene{20% VBS_ _..____. R 98| 116 oo | cmae | cmem | - A-354 | 809 MTB ether4-206; one-pass | _.__ | 269
. 6.2 |0.88 | 0.45 | . | oo | o | - stock I
8| 1B} 11655 oo | ccn | oo | oo 126 -
A-~358 | 20% benzene+80% slkylate ... cemeo | 117 | 127 182 212 | 222 ( 234 A-336 | MTBether! .o . e | e
0.43|1.20|0.021195]810)|357| 414 >6.00 | ool | oo el e [ en [ e
114 | 120} 124} 187 147 ] 150 | 158 >161 | ..
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TABLE II—F-83 AND F—4 PERFORMANCE RATINGS AND REID VAPOR PRESSURES FOR VARIOUS AVIATION-FUEL

COMPONENTS
. - Performance - Performance
. Reld vapor number » . - Reld vapor number &
Blending agent ressure - Blddlngegent &msure

bisq in.) g ~ P, ofsq in.) .

F-3 F-4b = - F-3 F+4b

Isopentane.._- 19.6 ©133 e144 Benzene..... S oS 468 >0
Neohexa 8.7 161 - 158 Triptene. ......... 8.0 149 >200
Methyl tat-butyl ather_ 8.8 >16L >200 Hot-acld octane...... 7 127 197
Difsopropyl oo e - 7.4 142 202 Toluene...._ . .._.... 1.1 118 >200
Virgin base stock. ... 5.9 B ' Mixed xylenes....... .8 124 200
AJKFIAte . oo oo 4.7 119 137 CUMENG o e e mce e e e e e 8 85 200

+ Performance numbers are for fxure blend.lng agent containlng 4 ml TEL/gal.

b Performance numbers over
¢ Extrepolated from experimentsl deta for b

6l are sxtrnge olated (fig.1}. Ratlngs are for fuel-air ratlo of 0.11.
nds contalning up to 60-percent isopentane.

& Assumed to be same a8 rating for unleaded benzene.

TABLE III—F-3 AND F-4 PERFORMANCE RATINGS OQF TERNARY AND QUATERNARY FUEL BLENDS
[The follow[mz abbrevistions are used throughout the table: VBS for virgin base stock; alkylata for aviation allwlate, one-pasy stock for one-pass caf.alyt[c stock; and MTB ctlier for methy]

tert-butyl ether.]

(L) I— A~478
7 (B) | A-524
(0 T A-483
() B A-528
() JR— A-482
[ J—— A-522
7 () A-484

Performance numbers L . . - Pcrformsnce numbers
Figue | Fuel | Fuolcomposition s (by volume) | F-8ratings | ¥4 Ttngs® || pygure Yud | Fua oom;ositfo-n s (by volume) | 3 ratings | F-4 ratings b
E:%Lalse‘r’v"ea mated) setved N marod] served] mated] sezved
Ternary ble-nd-s S ) - . ;_’ Ternary blends—Concluded
8oooooo_| A477 | 50%, hot-acld octane+25% VﬁS-{-]:&“% 1z 110 150 ]-.4.9 A—?ﬂl 239? toluene+17% VBS+60% alkyl- | 107 100 180

154

) -
11 ot-ncid octane+-48%% VBE+L1% ] 80 o 111 E-520 83 MIT'Bether+55% VBS4-120%alkyl- | 106 | _ 108 100 154
i

te R -
20 triptane4-5% VBE--74% alky 128 126 150 161 A-539 B%MTBether+50‘;',VBB+35%alky!— o4 ] 110
triptane+20% VB8--61% alk 119 120 150 151 - ate
38 ptane+36% VBS+-27% 114 115 150 150 AH470 Wﬁ hc_)l_t-ﬁgyd octﬁut:+13% one-pass | 118 118 160 159

&

439, triptane+28% VB8--200% allyl- | 118 116 160 158
&

12% triptane+14%; VBS+74% alkyl- | 116 nur | 140 142
ate . .

18%, triptanet+61% VBS120% alkyl-

8 7] u.lky
.5[.—47] 3 trl ne;l-w% one-pass stock4 | 108 | 11 160 159
A—480 mz;m tane-+16% one-pass stack+ | 117 112 150 150

85 < 0 112 () P .1:555 89;,67;{[1:logloﬁyl+24%one-pusstock+ 118 116 150 |- 180
&l - : (.}
ﬁf{ge dlisopropyl-+129; VB8-+45%alkyl- | 128 | 122 | 160 | 150 .
34;72;dusopropy1+52% VBS+H4%atkyl- | 108 | 100 | 120 | 121 g7 Quaternary blends
neohex&ne+14‘7VBB-!W alkyl- "131 | 124 | 140 | 140 o
¢ ¢ 12 @-~oo| A~472 | 19% Glotanet10% hokucld octane+ | 128 | 131 | 100 | 17
neohe:ane+43%VBB+46%alkyl- 102 [ 103 | uo [ m ta--48.5% Isopentane
12 (0} oeo | A-474 11.5% tol tme+25.s dilsopropyl+ | 130 | 136 | 100 | 150
2% benzene+349; VBB-+48% alkyl- | o7 | 100 | 140 | 130 viate+12.5% Isopentane
: 12 (d}.n...| A4T3 z Bopr yl—{-w 5% hot,-acid oc-| 120 | 181 [ 189 | 1%
benzene+41% VB&+12% elkyl- 87 w 160 154 : ‘7P {sopen-
92 o7 | 130 | 130

14?2 toluena+54% VBS432% aklyl-
ate

» Ench fuel contalns approximately 4 ml TEL/gal,

b F-4 ratings made af fuel-alr ratio of 0.11.



